PGVS with similar soil and cultivation practices were selected. Soil pH, organic matter (OM) and 10 the various P accumulation characteristics were investigated. We found that soil pH in PGVS were 11 significantly decreased by 0.57~1.17 unit with obvious signs of acidification, compared with that in 12 OVS. Soil OM was different for different sampling locations, but in general it was higher in PGVS 13 than OVS. Soil total P (TP), inorganic P (P i ) and Olsen-P of PGVS were higher than those in the 14 OVS. Olsen-P of all soil samples were far above the recommended optimum value of 20 mg kg -1 for 15 field crops, and over 60% soil samples were considered excessive (>150 mg kg -1 ) in the PGVS and
ABASTACT

1
Organic vegetable cultivation under plastic greenhouse conditions is expanding rapidly in the 2 suburb of big cities in China due to the increasing demand for organic, out-of-season green 3 vegetables and the sustainable development of agriculture. Phosphorus (P) is not only an important 4 plant nutrient, but also a major contaminant in the water environment. However, information on the 5 accumulation and distribution of P in organic vegetable soils under plastic greenhouse conditions is 6 limited, relative to the open cultivation systems. Therefore, twenty-six plastic greenhouse vegetable PGVS with similar soil and cultivation practices were selected. Soil pH, organic matter (OM) and 10 the various P accumulation characteristics were investigated. We found that soil pH in PGVS were 11 significantly decreased by 0.57~1.17 unit with obvious signs of acidification, compared with that in 12 OVS. Soil OM was different for different sampling locations, but in general it was higher in PGVS 13 than OVS. Soil total P (TP), inorganic P (P i ) and Olsen-P of PGVS were higher than those in the 14 OVS. Olsen-P of all soil samples were far above the recommended optimum value of 20 mg kg -1 for 15 field crops, and over 60% soil samples were considered excessive (>150 mg kg -1 ) in the PGVS and
Introduction
27
With the rapid urbanization, greenhouse vegetable cultivation systems in the suburban area of 28 big cities have been expanding rapidly in order to meet the demand of increased vegetable 29 consumption (Chang et al., 2013 
Soil inorganic P fractions
9
Soil total P i (T-P i ) ranged between 669.4~1884.6 mg kg -1 and 548.0~1163.9 mg kg -1 in PGVS 10 and OVS, which accounted for 65.6~96.7% and 78.9~92.0% of TP, respectively (Table 3) . By 11 comparison, the amount of T-P i in PGVS was significantly higher than that of OVS in S2, S3 and 12 S4 (Table 3) .
13
Soil T-P i was fractionated into five fractions. The loosely bound P (NH 4 Cl-P) is generally low 14 or undetectable in most natural soils, but it was high in the vegetable soils of this study. As shown 15 in in PGVS than those in S3 and S4, respectively. Ca-P was also significantly increased in PGVS over 3 OVS, except for the vegetable soils with 8 years' cultivation (Table 3) . Generally, those results 4 clearly show that long-term application of farmyard manure in PGVS significantly increased soil 5 total P i and various P i fractions, compared with OVS (Table 3 ).
6 a † Means and standard deviation within one column followed by the same lowercase letters are not significantly different at P < 0.05. 
Correlation between P accumulation and soil acidification 10
Long-term application of organic manure significantly increased P accumulation and reduced 11 soil pH in PGVS compared with OVS (Table 1 and Table 2 ). Regression analysis showed that there 12 are significant correlations between total P, available P and soil pH in vegetable soils ( 
Discussion
4
Organic vegetable production is perceived to be environmentally friendly, but P accumulation 5 and acidification in the PGVS may lead to faster degradations of soil quality than in the OVS and 2001). In most cases, this strategy has led to an increase in soil phosphorus levels in excess of crop 10 requirements, due to the generally low N/P ratio of the added manure (Kim et al., 2001). Our study 11 showed that long-term application of organic manure increased the soil total N and available N 12 levels and the corresponding increase in soil total P and available P in vegetable soils (Figure 2) . 13 There was a significant correlation between soil N contents and soil P contents, and the correlation ). Fractionation of soil inorganic P showed that Al-P and Fe-P were the predominant fractions 20 in vegetable soils, except for the Oc-P (Table 3 ). Correlation analysis showed that NH 4 Cl-P and 21
Al-P were both significantly correlated with soil pH in vegetable soils (Figure 3 ), but Fe-P, Oc-P 22 and Ca-P had no significant correlation with soil pH. Under actual conditions, NH 4 Cl-P in soils is 23 short lived because it is readily transformed into Al-P, as time passes, or into Fe-P (Zhu et al., 1981).
1 So Al-P and Fe-P are relatively stable in most soils. Further analysis showed that the ratio of 2 Al-P/Fe-P was significantly correlated with soil pH (Y pH = 7.44 -1.32 X Al-P/Fe-P ,r = -0.705, p < 3 0.01). Finally, soil total P i was negatively correlated with soil pH in vegetable soils (Figure 3 , p < 4 0.05). Soil pH was decreased by 1.09 unit when the soil total P i was increased by 1 g kg -1 (Figure 3) . 5 Those results suggest that various P i may affect or adjust soil pH. Conversely, soil pH also can 6 impact soil P i . Therefore, the interaction between various soil various P i and soil pH need to be 7 further investigated through a series of controlled tests in the future. Generally, the distribution of P among various species in solution is primarily determined by 11 solution pH. Indeed, phosphate ions are derived from the dissociation of orthophosphoric acid 12 which is characterized by three pK values (Lindsay, 1979) . In addition to orthophosphate ions, P 13 can occur as a range of negatively and positively charged or uncharged species in the soil solution, 14 and the distribution of which is much dependent on the pH and on the concentrations of metal 15 1 long-term application of organic manure can significantly decrease soil pH and increase P 2 accumulation and P availability in vegetable soils (Table 2) . Manure contains a large amount of 3 organic P, which can be converted to P i by mineralization (Turner and Leytem, 2004). Nearly 70% 4 of total P in manure, therefore, is labile and P i accounts for 50% to 90% (Dou et al., 2000) . In this 5 study, T-P i was the dominant fraction with 78.9~92.0% and 65.6~96.7% of total P in OVS and 6 PGVS, respectively, and the amounts of organic P were relatively low although large quantities of 7 organic amendments were used (Table 3) . Generally, the N/P ratio of manure (2:1 to 6:1) is lower than that in crop uptake (7:1 to 11:1), so 17 N-based manure management results in more P been added to the soil than the crop requires.
18
Accelerated P accumulation and acidification could contribute to an increased risk of P transport 19 from agricultural land to surface water (Gburek, et al., 2000) . Lu (1980) 
